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I,
TIOXIDE GROUP SERVICES LIMITED 

of
TIOXIDE HOUSE
137-143 HAMMERSMITH ROAD
LONDON W14 OQL
ENGLAND

being the applicant in respect of this Application state the 
following: -

• ft II ·
·.,· ; The person!s) nominated for the grant of the patent:
ft ft
: *... The nominated person is the assignee of TIOXIDE EUROPE 

LIMITED which is the assignee of inventor Craig WALLIS
ϊ * ·’ and which would be entitled to have assigned to it a patent 
,··♦·, granted to inventors Donald URWIN and Andrew Timothy SAYER, 
···· and TIOXIDE EUROPE LIMITED is the assignee of NEWCASTLE

UNIVERSITY which would be entitled to have assigned to it 
” * a patent granted to inventor Colin Rawlinson HOWARTH.

The person(s) nominated for the grant of the patent:
ft ft a

• · «• ft ft
• ft ft ·• ft ·• · ft

, The basic application (s) listed above is/are the first 
*;··*; application! s) made in a Convention country in respect

of the invention.

TIOXIDE GROUP SERVICES LIMITED
22nd January 1992

GRIFFITH HACK & CO

Patent Attorneys for and 
on behalf of the applicant.
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1. A process for the decomposition of
photocatalytica]ly degradable organic material comprising 
exposing said organic material in fluid form to ultraviolet 
light and passing said organic material during the exposure 
to ultraviolet light across the surface of a plate-like 
member rotating about a central axis perpendicular to the 
radial plane of said member thereby accelerating said 
organic material radially outwardly of said axis across 
said surface of said member which carries anatase titanium 
dioxide adhering to said surface.
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This invention relates to a destruction process 

and particularly to a process for the decomposition of 
organic material by ultraviolet light.

According to the present invention there is 
5 provided a process for the decomposition of

photocatalytically degradable organic material comprising 
exposing said organic material in fluid form to ultraviolet 
light and passing said organic material during the exposure 
to ultraviolet light across the surface of a plate-like

10 member rotating about a central axis perpendicular to the 
radial plane of said member thereby accelerating said 
organic material radially outwardly of said axis across 
said surface of said member which carries anatase titanium 
dioxide adhering to said surface.

15 Generally speaking this invention makes use of a
so-called "spinning disc reactor". This type of reactor 
includes within a reaction chamber a plate-like member or 
an assembly of a plurality of such members which is rotated 
about its central axis, usually a vertical axis, but a

20 horizontal axis, or any other orientation is not excluded, 
to effect transfer of a liquid material from the central 
axis radially across the plate or plates to agitate and 
disturb said liquid material. Usually the liquid will be 
transferred either horizontally or vertically depending on

25 the orientation of the plate. This type of reactor has now 
been found to be of value in promoting the degradation of 
photodegradable organic materials since it is designed to 
maximise turbulence within a very thin liquid film. This 
high degree of turbulence facilitates the mass transfer of

30 oxygen, organic entities, reaction products and
intermediates, and other reactive species------------------
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across the catalyst/liquid, and liquid/gas, interfaces within the 

system. Most other devices incorporating an immobilised TiO2 suffer 

from mass transfer limitations.

The plate-like member usually has the form of a disc and the 

5 surface which is to contact the organic material can be provided with 

protrusions, indentations or can be corrugated, porous or perforated. 

As the plate-like member is rotated liquid flows from the centi-i axis 

radially outwardly across the surface of the member and is

accelerated and agitated.

10 Usually the organic material to be treated in the process of the

invention is introduced in the form of a fluid into the reactor at the 

centre of the plate-like member and conveniently is introduced along 

the axis through a support for the member which also provides the 

rotational drive to the plate-like member from a suitably located

15 electric motor or other rotational drive unit, e.g. a hydraulic motor.

The plate-like member can be formed from any material

which is sufficiently strong to withstand the stress generated in the 

material during use. Preferably the material is substantially resistant 

to attack by any compound with which it is brought into contact

2 0 during use. Typically the plate-like member is formed of glass, 

ceramic or preferably a metal such as stainless steel, nickel or 

titanium but other materials such as wood, porous plastic and paper 

can be used. A borosilicate glass plate-like member has been found 

to be useful when the member is formed of glass.
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Typically the plate-like member when in the form of a disc has 

a diameter of from 25 cm to 5 metres. The member can have a 

thickness of from 0.05 mm to 50 mm, preferably from 0.25 mm to 5 

mm, especially from 0.5 mm to 2.5 mm.

5 If desired the plate can have a series of concentric grooves on

the upper surface to be contacted with the liquid. V-shaped grooves 

presenting a continuously decreasing gradient to the liquid as it 

travels across the surface of the plate-like member increase the 

retention of the liquid on the surface at higher rotational speeds of

10 the member.

Generally speaking the speed of rotation of the plate-like 

member is in the range 50 rpm to 10,000 rpm and preferably in the 

range 100 rpm to 5000 rpm. The speed of rotation affects the 

acceleration of the liquid across the surface of the plate-like member.

15 The speed of rotation and the rate of flow of liquid onto the

surface of the plate-like member are such that a thin film of the liquid 

is formed on the rotating surface of the member and this thin film is 

subjected during rotation to a high degree of turbulence as it is 

thrown radially outwardly of the member.

20 Normally the plate-like member is mounted with its surface

either vertical or horizontal and it is the upper surface across which 

the liquid is caused to flow during exposure to ultraviolet light.

The surface of the member in contact with the liquid carries a 

photoactive catalyst which promotes the degradation of the organic

25 material. In the process of the present invention the catalyst is
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anatase titanium dioxide, typically that produced by the hydrolysis of 

a soluble titanium compound such as titanyl sulphate or titanium 

tetrachloride and which after precipitation is calcined to produce the 

anatase titanium dioxide. Preferably the calcination conditions are

5 chosen so that the time and/or temperature is somewhat less than 

that which would be required to produce optimum pigmentary 

anatase titanium dioxide. The catalyst preferably has a high surface 

area of from 20 to 200 m2/gm. Typically a hydrated precipitate of 

titanium dioxide is calcined at a temperature of from 100°C to 1000°C

10 for 10 minutes to 1000 minutes. Usually the anatase titanium dioxide 

has a particle size of from 0.001 micron to 1.0 micron.

If desired the anatase titanium dioxide can be produced by the 

oxidation of a titanium halide such as titanium tetrachloride under 

conditions such that the product has the desired high surface area.

15 The plate-like member carries the active catalyst at least on

the surface to be in direct contact with the liquid to be treated and, as 

a result of the method of preparation, usually both radial surfaces of 

the member are coated with the chosen catalyst. One suitable 

procedure employed to coat the member with the catalyst is to

20 immerse the member in an aqueous dispersion of the anatase 

titanium dioxide for a period of say 3 to 10 minutes and then dry the 

treated plate member in an oven for a period of say 30 to 75 minutes 

at a temperature of 70°C to 100°C. This treatment procedure is 

repeated until a desired effective amount of the catalyst has been

25 applied to the surface of the member. Using an aqueous dispersion
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containing from 5 to 15 gram per litre TiO2 a total of from 7 to 15 

immersion/drying cycles produces an "active" member.

Other procedures can include immersion in solutions of 

organic titanium compounds, with precipitation of TiO2 by sol/gel

5 techniques, and pyrolysis of titanium compounds directly onto the 

surface of the member. Additionally other support materials can be 

coated with TiO2 and then attached to the surface of the member.

The organic material to be treated in the process of the 

invention is in the form of a fluid during treatment. Where the

' 0 organic material to be degraded is a liquid itself then it can be treated 

directly. However the organic can be dissolved or dispersed in water 

or in any other suitable medium prior to treatment. Aqueous 

solutions are preferred since the presence of water acts as a source 

for hydroxyl radicals and facilitates the transport of oxygen across the

15 liquid/gas and solid/liquid interface. Typically the aqueous solution 

of the organic can have any pH value but preferably is acidic having a 

pH less than 7 and more preferably less than 4.

Activation of the anatase titanium dioxide catalyst is ensured 

by exposing the catalyst to the effect of ultraviolet light. The liquid to

20 be treated is exposed to the light as it is in contact with the surface of 

the plate-like member and whilst ultraviolet light of any wavelength 

can be used it has been found that light emitted by so-called low 

pressure lamps is more effective in promoting degradation of the 

organic material. Typically UV light of up to 400 nanometers can be
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used bur the most preferred light is that having a wavelength of from 

240 to 280 nm.

The process can be operated batchwise or continuously. In 

batch operation liquid to be treated is held in a holding tank and

5 recycled across the surface of the rotating plate member until all 

necessary degradation has been completed. Alternatively continuous 

operation can be effected if the required degradation is obtained by a 

single pass across the surface of the plate member or by a succession 

of passes across a number of different plate members. Usually

10 suitable analytical means will be employed to test the extent of 

degradation prior to discharge of water to the environment.

Any organic compound which is capable of photodegradation 

can be treated by the method of the invention. Depending on the 

exact nature of the organic material various by-products can be

15 obtained. For those organic compounds composed solely of carbon 

hydrogen and oxygen the process produces water and carbon dioxide 

as the degradation products. For organic materials containing 

halogen additionally dilute mineral acid is a degradation product. 

The process, in any event, produces relatively easily handleable

2 0 chemicals from often complex organic compounds.

Usually the process of the invention is carried out at room

temperature with the rotating plate mounted in a suitable confining 

reactor equipped with a suitable source of ultraviolet light.

Typical organic compounds which can be treated in

25 accordance with the invention are aliphatic or aromatic
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hydrocarbons, alcohols, acids, esters, ketones, amines and halogen 

substituted compounds. Pesticides are other environmentally 

hazardous organic products eminently suitable for treatment by the 

process of the invention.

5 The invention is illustrated in the following Examples in which

apparatus as shown in the accompanying drawing was used.

In the drawing:

Figure 1 is a diagrammatic representation of the overall

layout,

io Figure 2 is one form of reactor, and

Figure 3 is an alternative form of reactor.

As shown the apparatus includes a reactor chamber 1 having

mounted horizontally therein a rotatable disc 2 on a hollow shaft 3 

coupled to a motor 4. A storage tank 5 has an outlet 6 in the base of

15 the tank 5 through which the contents of the tank can be drained 

through pipe 7. The outlet 6 is also coupled to a pump 8 to feed the 

contents of the tank 5 through the hollow shaft 3 to the upper surface 

of the disc 2. The base of the reactor chamber 1 has an outlet 9 to a 

pump 10 and a return pipe 11 to the tank 5.

20 Figure 2 illustrates one form of reactor chamber 1 in which

there is horizontally mounted lamps 12 to produce ultraviolet light. 

The lamp 12 extends across a diameter of the disc 2.

In Figure 3 an alternative arrangement of reactor chamber 1 is 

shown in which the lamp 12 is mounted vertically above but axially in
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line with the axis of the disc. A reflector 13 is positioned to direct the 

light onto the disc 2.

The reactor chamber 1 is equipped with an axial deflector 

plate 14 to deflect flow of liquid from the hollow shaft 3 onto the

5 upper surface of the disc 2. The tank 5 is equipped with a stirrer 15.

As used the rotatable disc 2 was formed from borosilicate glass

and had a diameter of 38 cm. The speed of rotation of the disc in the 

following experiments was 350 rpm and a liquid flow rate across the 

upper surface of the disc 2 was maintained at 180 litres per hour. The

10 temperature within the reactor chamber 1 was maintained at about 

25°G.

The rotatable disc 2 carried a coating of anatase titanium 

dioxide the particular form of which is described in the following 

examples. The disc was coated by preparing an aqueous slurry of the

15 titanium dioxide containing 10 gpl by milling the anatase titanium 

dioxide with water in the required amount and the disc 2 was then 

immersed in the slurry for a period of 5 minutes. The disc was 

removed from the slurry and dried in an oven at 90°C for one hour. 

This particular coating and drying procedure was repeated for a total

20 of 10 cycles. The disc was then washed thoroughly after the last 

drying stage to remove any loose titanium dioxide particles from the 

surface.

Example 1

A 38 cm disc of borosilicate glass was coated with a thin film

25 of TiO2 as described previously.
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The disc was attached to the shaft 3 and run at 350 rpm. An 

aqueous solution containing 100 micromoles per litre of 4- 

chlorophenol was pumped over the disc at the rate of 180 1/hr whilst 

the disc was illuminated with UV light as shown in Figure 2 from two 

15 watt low-pressure lamps at different intensities. Solution pH was 

maintained at pH 3.1 with 2% H2SO4.

Rates of reaction calculated from experimental data were as

••ftft ► «• ft ft ft

10

follows:-

UV intensity

Wm-2

Rate of Reaction (KR)

Micromoles/min/Iitre

Experiment A 14.0 0.563

Experiment B 27.9 0.652

• · a• · ·

• · · 4• ·

KR is defined by reference to the Langmuir-Hinshelwood 

Kinetics.
ft· ft• ft ft
• ft ft ·I ftftft · ft

is ExamplfiJi

Experimental conditions were similar to Example 1 except 

that the low pressure lamp was substituted by a 400 watt medium 

pressure lamp as in Figure 3.

Results were as follows:

UV intensity

Wm-2

Rate of Reaction (KR)

Micromoles/min/Iitre

Experiment A 27.9 0.228

Experiment B 49.0 0.245

Experiment C 98.2 0.381

Experiment D 246.0 0.418



11

The above results demonstrate that the use of a low pressure 

lamp increases the speed of destruction of 4-chloro-phenol, compared 

with a medium pressure, higher output, lamp. This increase could not 

be accounted for in terms of a photochemical reaction.

5 Example 3

Examples 1 and 2 were repeated with an. initial concentration 

of 100 micromoles/litre of salicylic ac4id.

UV Intensity

Wm-2

Lamy Rate of Reaction

Micromoles /min /litre

Experiment A 27.9 Low

Pressure

0.419

Experiment B 246.0 Medium

Pressure

0.185

The rate of degradation of the salicylic acid is slower than for 

15 4-chlorophenol, but, once again, the low pressure lamp is more

effective than the medium pressure lamp.

EXAMPLE 4 .

Experimental conditions were similar to Experiment 1 using 

two 15W low pressure lamps and an initial concentration of 100

20 micromoles per litre of 4-chlorophenol. Solution pH was controlled 

by addition of acid or alkali as required.

25
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Solution pH Organic Rate of Reaction

Experiment A 3 Chlorophenol

Micromoles/min/litre

0.418

Experiment B 5 Chlorophenol 0.257

5 Experiment C 11 Chlorophenol 0.121

• w *ft* ft ft Wft ft
* ft* *ft ftftft
tt ftft• ft 4• ft

' a·»a ·ft · · ft
•

ft *

10
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15

20

25
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. A process for the decomposition of 
photocatalytically degradable organic material comprising 
exposing said organic material in fluid form to ultraviolet

5 light and passing said organic material during the exposure 
to ultraviolet light across the surface of a plate-like 
member rotating about a central axis perpendicular to the 
radial plane of said member thereby accelerating said 
organic material radially outwardly of said axis across

10 said surface of said member which carries anatase titanium 
dioxide adhering to said surface,

2. A process according to claim 1 in which the 
anatase titanium dioxide has a surface area of from 20 to 
200 m2/gm.

15 3. A process according to claim 1 or 2 in which the
anatase titanium dioxide has a particle size of from 0.001 
to 1.0 micron.

4. A process according to claim 1, 2 or 3 in which 
the ultraviolet light is that emitted by a low pressure

2 0 lamp.

5. A process according to any one of claims 1 to 4 
in which the ultraviolet light has a wavelength of up to 
400 nanometres.

6. A process according to claim 5 in which the 
25 wavelength is from 240 to 280 nanometres.

7. A process according to any one of claims 1 to 6 
in which the plate-like member has the form of a disc 
having a diameter of from 25 cm to 5 metres.

8. A process according to claim 7 in which the
plate-like member has a thickness of from 0.05 mm to 50 mm.
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9. A process according to claim 8 in which the plate-like member 

has a thickness of from 0.25 mm to 5 mm.

10. A process according to claim 9 in which the plate-like member 

has a thickness of from 0.5 mm to 2.5 mm.

5 11. A process according to any one of claims 1 to 10 in which the

plate-like member is rotated at a speed of from 50 rpm to 10,000 rpm.

12. A process according to claim 18 in which the plate-like 

member is rotated at a speed of from 100 rpm to 5,000 rpm.

13. A process according to any one of the preceding claims in 

io which the said organic material is a dispersion or a solution in water.

14. A process according to claim 13 in which the water dispersion 

or solution is acidic.

15. A process according to claim 14 in which the water dispersion 

or solution has a pH of less than 4.

15 16. A process according to any one of the preceding claims in

which the said organic material is a hydrocarbon, an alcohol, an acid, 

an ester, a ketone, an amine or a halogen substituted compound.

17. A process according to claim 1 substantially as described in the 

foregoing Examples.

20

DATED THIS 22ND DAY OF JANUARY 1992 
TIOXIDE GROUP SERVICES LIMITED 
By its Patent Attorneys:
GRIFFITH HACK & CO.
Fellows Institute of Patent 
Attorneys of Australia
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